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Abstract 
At present, Glue-coating machines have some shortages, such as unintelligence, complexity of setting glue path for 
new parts. In this paper, real-time image capture was achieved by using digital camera technology and image 
processing technology. The captured image is converted into a character vector. Workpiece model is determined 
through comparing with the standard library and the similarity. The image of workpiece was vectored through frame 
extracting and fitting. With NC (Numerical Control) code generation technology, the NC code is automatically 
generated for sprinkler nozzle walking track. By Appling visual servo and embedding the vision system into feedback 
loop of the robot, the system achieves high-precision robot control. By extracting the glue line curve from image, 
thinning glue curve by morphological method, and extracting the frame information, the closure and quality of the 
glue curve can be detected. Results of test show that the effect is satisfactory and the method is effective.  
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1. Introduction  
With the rapid development of science and technology, Glue-coating technology has been widely 
applied. For example, for the oil pan’s seal surface of internal combustion machine and the oil pan's cover 
union of engine cylinder, gasket is replaced with glue by using the glue instead of the previous gasket 
seals [1]. 
Intelligent glue-coating robot based visual servo can finish glue-coating for the seal surface quickly, 
accurately, and economically. It improves product quality, reduces the product cost, and improves the 
product efficiency. So, it has high economic value and bright application prospect. 
This article introduces the visual servo into NC coating robot. Combined with the technology of image 
processing and path planning, the equipment can automatically identify the path of glue-coating on the 
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shell surface. The intelligent Glue-coating robot based on visual servo can work on any Curve. When 
coating glue, visual servo system can automatically make up the route to realize high-precision coating 
[2]. 
2. System components 
The intelligent Glue-coating robot based on visual servo is designed according to the requirement of 
the product of auto gearbox. It consists of machine vision and glue-coating robot. Machine vision and 
image processor unit has the capabilities of image capture, workpiece identification, generation of 
glue-coating path, vision servo feedback, and gluing quality detection. The Glue-coating robot has the 
capabilities of accurate servo localization, and glue-coating under constant pressure.  
3. The visual servo glue-coating system  
3.1 The visual servo system 
The visual servo system consists of image capture, image storage, image processing, and monitor. 
Figure 1. The Machine Vision System Structure. 
Video signal is PAL/NTSC-standard analog signal derived by high resolution CCD camera. The video 
signal is decoded into a digital parallel signal by video decoding chip TVP5150A (A/D convert chip). 
Then, the signal is input into the video port of DM642. TMS320 DM642 is a new product in the series of 
C6000 of TI. The kernel is a high-performance digital signal processor named C6416. The CPU fetches 
VelociTI™ advanced very-long instruction words (VLIWs) (256 bits wide) to supply up to eight 32-bit 
instructions to the eight functional units during every clock cycle. With performance of up to 5760 million 
instructions per second (MIPS) at a clock frequency of 720 MHz, the DM642 device offers cost-effective 
solutions to high-performance DSP programming challenges [3, 4]. It makes DM642 widely used in the 
fields, such as medical imaging, network video monitoring and consuming electronics, etc. 
3.2 Glue-coating Robot 
Glue-coating Robot consists of robot localization system, servo drive system, constant pressure coating 
system, and glue gun. 
The robot localization system is the kernel of the whole equipment. It’s production of 
HERGERLAHR , Company of Germany. The three axises are drived by ball screw, every axis repeat 
positioning accuracy is 0.025mm, and the largest moving speed is 500mm/s[5]. 
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4. The key technologies 
The key software of system includes image capture and workpiece identification module, glue-coating 
path generation module, vision servo process control module, and gluing quality detection module. 
4.1 Image Capture and Workpiece identification module  
The key technology is to determine the existence and similarity of workpiece. After image capture, the 
influence of noise made by light source and environment should be eliminated. Then, whether workpiece 
is in the image should be detected. If there has a workpiece, it needs to identify the workpiece. Otherwise, 
discard the image and get a new one. 
The rule of keeping or discarding is: 
| ( , ) ( , ) | ( , )Q DF i j F i j F i j g− = >               (1) 
( , )QF i j  is the image to be processed, ( , )DF i j is the standard image, and g is the grayscale judgment 
value. In this formula, g  is determined by a large number of experiments. 
By this algorithm the corresponding pixel value of ( , )QF i j  is subtracted form that of ( , )DF i j , and the 
noise of background is filtered. The pixel is marked as "1" if the result is greater than g, otherwise, 
marking it as "0". The number of "1" is divided by the number of pixels in the overall image. If the result 
is greater than k, there is a workpiece in the image. The range of k is 20% ~ 40% in the system. The 
processing speed can be accelerated by only detecting a specific region. 
Workpiece identification is one of the most important functions of the system. The algorithm uses the 
relative distance between the images as the main basis for judging. The matching character vector is 
constructed based on the image process, and finally the Euclidean distance between the identified picture 
and the standard picture is calculated. The smaller distance, the more similar two images are. First, to get 
the 0 order matching character vectors of R, G, B color histogram of the image: 
[ , , ]TR G Bf u u u=             (2) 
Then, to calculate the Euclidean distance between the two images: 
( , ) | |Q Dd Q D f f= −             (3) 
The smaller of ( , )d Q D , the more similar the two images are. 
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,Q Df f
( , ) | |Q DD Q D f f= −
( , )D Q D a≤
Figure 2. The Part identification chart. 
4.2 glue-coating path generation module 
Image Vector is the key technology involved in glue curve generating module. Because the 
representation of the image processed by Thinning Algorithm is single image pixel model, it is not fit to 
generate NC code. Thus, the image vector processing is necessary to gain the processing information of 
vector frame. Both extracting workpiece frame curve and workpiece frame curve fitting are two important 
parts in Vector processing of workpiece information. According to the size of the image gray threshold, 
contour tracking algorithm is used to extract workpiece image contour. Contour extraction algorithm is 
normalized in the extraction of the inner holes of image. Extracted contour curve generates glue motion 
curve, and generates NC code of sprinkler nozzle walking path. 
4.3 vision servo process control module 
By Real-time analysis of images information generated during the robot motion, the robot trajectory is 
identified. Compare the trajectory with desired trajectory, compute prediction trajectory and modify the 
robot motion, and then closed-loop control system of movement is achieved. In this system, the 
movement of the glue robot performs is in accordance with NC instructions, and machine vision is only 
used in the process for tracking and monitoring, assisting the operator to observe the process of gluing. 
4.4 gluing quality detection module 
The normal glue line is closed curve with thickness of 1~2mm. When the glue-coating machine is 
running, glue line break is a very serious quality problem which is directly related with the gear box 
sealing performance. In addition, if the glue line is too thin or too thick, it will bring quality problems to 
gear box after assembly. Therefore, whether the glue line is continuous and its thickness is qualified 
become the focus of quality inspection. Glue line image processing mainly involves four processes. 
Firstly, the image, containing the glue line information, is collected. Secondly, the image is processed by 
threshold segmentation to extract the glue line information. After processed, the image becomes a binary 
image. Thirdly, edge detection is performed to the processed image, in order to extract the edge. 
Lastly .closed curve is judged. 
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In this note, image edge detection is based on Laplacian algorithm. Laplacian algorithm is commonly 
used in the second derivative algorithm. The local maximum of the first derivative of a function 
corresponds to the zero-crossing point (Zero crossing) of the second derivative [6]. Thus, by looking for 
the zero crossing point of the second derivative of the image intensity, the precise edge points can be 
found. 
The second derivative of a smoothed step edge is a zero crossing function at the edge points. Laplacian 
operator is two-dimension equivalent of the second derivative, and the Laplacian equation of functions 
( , )f x y  is:  
2 2
2
2 2
f ff
x y
∂ ∂∇ = +∂ ∂
             (4) 
The differential equations approximately substituting for the second order partial derivatives at x and y 
directions are as follows: 
2
2
( ( , 1) ( , ))
( , 1) ( , )
( , 2) 2 ( , 1) ( , )
xGf f i j f i j
x x x
f i j f i j
x x
f i j f i j f i j
∂∂ ∂ + −= =∂ ∂ ∂
∂ + ∂= −∂ ∂
= + − + +     (5) 
The above approximated formula is based on the center point ( , 1)i j +  , and the approximate formula 
of center point ( , )i j  is:  
2
2 ( , 1) 2 ( , ) ( , 1)
f f i j f i j f i j
x
∂ = + − + −∂   (6) 
Similarly,   
2
2 ( 1, ) 2 ( , ) ( 1, )
f f i j f i j f i j
y
∂ = + − + −∂   (7) 
Formula (6) and (7) are combined to an operator, and it is shown by the approximate Laplacian 
operator template:  
2
0 1 0
1 4 1
0 1 0
⎡ ⎤
⎢ ⎥∇ = −⎢ ⎥
⎢ ⎥⎣ ⎦
        (8) 
When the Laplacian operator output crosses zero, it means that there exist edges. 
Next, by edge tracking, judging the close of the edge, the point which is not closed is just glue line 
breakpoints. In the process, not only the noise can be filtered out, but also the place where glue line is too 
thin can be detected. The Method of judging glue line breakpoint is: to start at the top (X) from left to 
right to observe the continuity of the vertical glue line (Y), and if not continuous, the point is the endpoint, 
and the curve is not closed. 
Then, check glue line from bottom, left and right. If the glue line is too thick, morphological corrosion 
method is used to refine glue curve, and extract the information of thick part. And then detect the 
endpoint of thick part by the method above. Finally record various endpoint positions, alarm, and notice 
coating machines and operator to complement glue or process at this area. 
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By research and design, this system, combining the means of applies machine vision and sensor 
detection, proves to have the function of judging the presence or absence of the workpiece, as well as 
identifying the type of workpiece. At the same time, it uses machine vision technology on the workpiece 
frame extracting and fitting to extract contour and generate the glue motion curve. The technology of 
automatically generating NC code is used to automatically generate glue instructions. The system can 
extract the glue line curve; automatically determine the breakpoints and the glue line quality problems 
that may exist at some point of the curve, and alarm to complement glue. However, the study shows 
that，because of the application of machine vision technology, the system requires the image with better 
quality and light and background with more strict standards. As a single vision sensor can only produce 
two-dimension images, the system is limited to judge two-dimension space glue curves and the quality of 
glue line. 
 
Figure 3. The Glue Path Quality Detecting chart and alarm Figure. 
5. Conclusion 
This equipment has been applied as coating equipment in Gear Box Production Line and it is fairly 
effective. It can perform the inspection of workpiece presence, identification of workpiece type, glue 
curve generation, detection of glue line quality, and other tasks, and cooperates perfectly with rest of the 
system. The system has the character of simple operation, reliable performance, data intuition, high 
accuracy and so on. The application proves that the system has the advantage of full-functions and high 
accuracy, when applying machine vision servo technology to coating machine, and has a great 
promotional value. 
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